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TECHNICAL FIELD OF THE INVENTION 

[0003] This invention is in the field of treating neurodegenerative diseases and 
conditions. IVIore particularly, this invention is in the field of using C-Raf inhibitors to 
treat neurodegenerative diseases and conditions. 

BACKGROUND OF THE INVENTION 

[0004] Neurological diseases disrupt the quality of life for patients, put a tremendous 
burden on family caregivers, and cost society billions of dollars annually. Increasing 
numbers of elderly people in the population has resulted in a sharp increase in the 
prevalence of neurological diseases. Underlying a majority of these diseases Is the 
abnormal degeneration of neurons. 

[0005] Major aspects of the invention regard mechanisms by which neuronal cells die 
or survive. Aberrant apoptosis is a common feature in a variety of neurodegenerative 
diseases, in neuropathological conditions such as stroke and following traumatic brain 
injury. Much of the knowledge of how neuronal apoptosis is regulated has come from in 
vitro paradigms using primary cultures of neurons and several molecules Involved in 
promoting neuronal apoptosis have been identified (reviewed in Deshmukh et al., 1997; 
D'Mello et al., 1998; Mattson, 2000; Chang et al., 2002). Among these is the 
transcription factor c-jun, which is phosphorylated and activated during the apoptotic 
process (Estus et al., 1994; Ham et al., 1995; Watson et al. 1998). Phosphorylation of 
c-jun is mediated by jun N-tenninal kinase (JNK; Eilers et al., 1998), which can be 
encoded by three genes- JNK1, JNK2, and JNK3 (reviewed by Ban^ and Bogoyevitch, 
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2001 ; Weston and Davis, 2002). Although the JNKs can be activated in vitro by MKK4 
or MKK7, only MKK7 appears to be Involved In stimulating c-jun phosphorylation during 
neuronal apoptosis (Ellers et al., 1998; Trotter et al., 2002). Members of the mixed 
lineage kinase (MLK) family lie upstream of MKK4 and MKK7 (Xu et al., 2001; Harris et 
al, 2002). Besides activating c-jun, JNKs have been shown to activate certain 
proapoptotic Bcl2 proteins (Harris et al., 2001; Putcha et al., 2003), which contribute to 
the activation of caspases. Caspases are a family of cysteine proteases known to be 
critical for cell death in a variety of in vivo and cell culture paradigms of 
neurodegeneration. Several lines of evidence also implicate an abortive reentry into the 
ceil cycle caused by activation of certain cyclin-dependent kinases (cdks) as a critical 
feature of neuronal apoptosis (reviewed In CopanI et al., 2001; Liu and Greene, 2001; 
O'Hare et al.. 2002). 

[0006] In the presence of survival-promoting stimuli such as neuronal activity or 
neurotrophic growth factors, the activation of proapoptotic molecules is blocked. One 
signaling pathway involved in the promotion of growth factor-mediated neuronal survival 
is the phosphatidylinositol 3-kinase (PI-3K) - Akt pathway (Datta et al., 1997; Dudek et 
al., 1997; Crowder et al., 1998). Once activated, Akt phosphorylates a number of 
proapoptotic molecules Including the Bcl-2 protein BAD, the Forkhead transcription 
factor, glycogen synthase kinase-3 (GSK-3) and caspase-9 (for review, Brunet et al., 
2001 ) leading to their inactivatlon. 

[0007] Another signaling pathway that has been implicated In the promotion of 
neuronal survival is the Raf-MEK-ERK pathway (Villalba et al, 1997; Anderson and 
Tolkovsky, 1999; BonnI et al., 1999; MazzonI et al., 1999; Han and Holtzman, 2000). In 
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this pathway, Raf is recruited to the plasma membrane and directly interacts with GTP- 
Ras. Upon activation, Raf phosphorylates mitogen activated protein kinase (MEK), 
which in turn phosphorylates and activates extracellular signal-regulated kinases (ERK 
1/2). In neuronal populations in which the Raf-MEK-ERK pathway sustains neuronal 
survival, ERK activation leads to the activation of the CREB transcription factor or the 
inactivation of BAD (Bonni et al., 1999). Although the ERK pathway is the major 
effector of Raf, recent evidence suggests that it is not the only one (reviewed in 
Baccarini, 2002; Hindley and Kolch, 2002). Mammals possess three Raf proteins: C- 
Raf (also called Raf-1), A-Raf, and B-Raf (reviewed in Baccarini, 2002; Dhillon and 
Kolch, 2002; Hindley and Kolch, 2002). While C-Raf is expressed ubiquitously, the 
expression of B-Raf is restricted primarily to the nervous system. Additionally, B-Raf is 
the most potent activator of MEK and A-Raf is the weakest. Mice deficient in each of 
the three Raf genes have been generated. While mice deficient in A-Raf are viable 
albeit with minor gastrointestinal and neurological defects, disruption of either C-Raf or 
B-Raf results in embryonic lethality. Interestingly, sensory neurons and motoneurons 
cultured from B-Raf-deficient embryos (but not from C-Raf or A-Raf deficient embryos) 
fail to survive in response to neurotrophic factors (Weise et al., 2001). 

[0008] The amount of knowledge that has been recently generated about the 
molecular regulation of neuronal apoptosis has pemiitted the rational design of drugs to 
reduce or prevent neuronal loss in neuropathologies. Much effort towards development 
of neuroprotective agents has focused on target molecules such as the JNKs, MLKs, 
cdks, proapoptotic Bcl2 proteins, and the caspases (reviewed in O'Hare et al., 2002; 
Saporito et al., 2002; Vila and Przedborski, 2003). 
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[0009] Approaches to inhibit neurodegeneration have targeted molecules in the MLK- 
JNK and cyclin-dependent kinase pathways; however, C-Raf is not directly connected 
with these two neuronal death-inducing signaling pathways. C-Raf (and A-Raf and B- 
Raf) has not been implicated in the promotion of cell death in neurons or any other cell 
type and is not a component of any cell-death inducing signal transduction pathway. On 
the contrary, elevated activity of C-Raf (and other Rafs) have is known to enhance cell 
survival and an over activation of C-Raf contributes to cell transfonnation and cancer. 
Thus, the present discovery that inhibition of C-Raf has neuroprotective effects is 
counterintuitive and is novel. 
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SUMMARY OF THE INVENTION 



[0010] In accordance with the present Invention, the use of compounds as 
neuroprotectors and a method for the treatment of neurodegenerative diseases is 
provided. The present Invention provides for neuroprotection effected by C-Raf 
inhibition. C-Raf inhibitors are used in the treatment of and the manufacture of 
compositions for treatment of neurodegenerative disease, traumatic neuronal injury, 
epilepsy-associated neuronal loss, paralysis, or spinal cord injury. The present 
Invention provides C-Raf inhibitors used to prevent neuronal death. The present 
Invention also provides for the use of C-Raf inhibitors to prevent neuronal cell death 
potentiated by inhibition or suppression of B-Raf. The present invention further provides 
for the use of C-Raf inhibitors derived from oxindoles to prevent neuronal cell death and 
In the treatment of neural diseases, injuries, paralyses and other aspects of abnormal 
neural function. In addition to the use of C-Raf Inhibitors in the manufacture of 
compositions for the treatment of various aspects of abnonnal neural function, methods 
of using C-Raf Inhibitors to treat neurodegenerative diseases and conditions are also 
provided. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] A more particular description of the invention, briefly summarized above, may 
be had by reference to the embodiments thereof which are illustrated in the appended 
drawings and described herein. It is to be noted, however, that the appended drawings 
and tables Illustrate only some embodiments of the invention and are therefore not to be 
considered limiting of its scope, because the invention may admit to other equally 
effective embodiments. 

FIGS. 1A-1C are phase contrast micrographs and FIG. ID is a graph showing the 
neuroprotective effect of the C-Raf inhibitor, GW5074, according to one embodiment of 
the invention. 

FIGS. 2A-2C are Westem blots showing that a highly neuroprotective C-Raf inhibitor 
nonetheless permits activating modifications to accumulate in intact neurons. 

FIG. 3A is a Western blot and FIG. 3B is a graph showing the neuroprotective effect of 
a C-Raf inhibitor according to another embodiment of the invention. 

FIG. 4 is a Western blot showing that GW5074 activates B-Raf in neurons and leads to 
ERK phosphorylation. 

FIG. 5A is a Westem blot and FIG. 5B is a graph showing that GW5074-mediated 
neuroprotection is MEK-ERK independent. 
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FIGS. 6A - B is a Western blot and FIG. 6C is a graph showing that GW5074 maintains 
Akt activity but acts through an Akt-independent mechanism 

FIGS. 7A and 7C are graphs and FIG. 7B is a gel mobility shift assay blot showing that 
neuroprotection by GW5074 requires Ras and NF-kB. 

FIG. 8 is a Western blot showing that GW5074 Inhibits apoptosis-associated induction 
of c-jun. 

FIGS. 9A-9B are graphs showing that GW5074 inhibits cell death caused by 
neurotoxins In granule cells and other neuronal types. 

FIGS. 1 0A-IOC are light and phase contrast micrographs showing that GW5074 is 
protective in an in vivo experimental model of Huntington's disease. 
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DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

[0012] The discussion and examples which follow detail the best known method for 
perfomiing the invention. It will be recognized that variations of this method may 
include different C-Raf inhibitors, different neuronal populations, and different 
neurodegenerative diseases; however, other C-Raf inhibitors may be identified to treat 
neurodegenerative diseases without significant experimentation or deviation from the 
spirit and scope of this invention. In view of the involvement of B-Raf in the 
neuroprotective action of C-Raf inhibitors, activators of B-Raf could be used to treat 
neurodegenerative conditions. 

[00131 DEFINITIONS 

[0014] "Neurodegeneration" refers to the compromised function or death of cells 
within the peripheral nervous system or the central nervous system. 

[0015] "Neurodegenerative diseases or conditions" refers to pathological conditions 
affecting the peripheral nervous system or the central nervous system and 
characterized by an abnormal loss of neural cells. Such conditions include 
neurodegenerative diseases including Alzheimer's disease, Parkinson's disease, 
Huntington's disease. Amyotrophic Lateral Sclerosis, cerebral ischaemia, ataxias, 
epilepsy-associated neuronal loss, traumatic neuronal or spinal cord injury or 
neurotoxicity, which may be caused by genetic factors or environmental stimuli, or both. 

[0016] Apoptosis or apoptotic, as defined herein, refei^ to a programmed cell death 
with characteristic morphological and biochemical features known to those skilled in the 
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art (see for example Oppenheim 1991 and Johnson & Deckworth 1993; and references 
cited therein). 

[0017] "C-Raf inhibitors" refers to chemical or biological agents that reduce or inhibit 
the activity of the C-Raf kinase. As illustrative only, and not to exclude the use of other 
C-Raf inhibitors, some prefen-ed C-Raf inhibitors include the family of compounds 
having the general structural fomiula (I): 

CO 




[0018] wherein: 

[0019] R^ Is H or optionally joined with R^ to fonn a fused ring selected from the 
group consisting of five to ten membered aryl, heteroaryl or heterocyclyl rings, said 
heteroaryl or said heterocyclyl rings having one to three heteroatoms where zero to 
three of said heteroatoms are N and zero to 1 of said heteroatoms are O or S and 
where said fused ring is optionally substituted by one to three of R^, where R^ and R^ 
are as defined below; 

[0020] R^ and R^ are independently H, HET, aryl, C1.12 aliphatic, CN, NO2. 
halogen, R'°, — 0R'°, —SR'°, —S{0)R'°, — SOgR'", -NR'°R^\ — NR^R'^ — 
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NR^^COR^^ — NR^2C02R^\ — NR^^CONR^^R^^ — NR'2so2R1\ — NR^2q(,^r12jj^^pj1i 
— COR^\ — C02R^\ — C0NR^2r1i ..sOjNR^^rIi _0C0NR^2pii c(NR^2)Npi2pii 



[0021] where said C1.12 aliphatic optionally bears one or two insertions of one to 
two groups selected from C(0), O, S, S(0), SO2 or NR^^ with said HET, aryl or C1.12 
aliphatic being optionally substituted by one to three of R^°; and where R^ is optionally 
joined with R^ to fomn a fused ring selected from the group consisting of five to ten 
membered aryl, heteroaryl or heterocyclyl rings, said heteroaryl or said heterocyclyl 
rings having zero to three heteroatoms where zero to three of said heteroatoms are N 
and zero to one of said heteroatoms are O or S and where said fused ring is optionally 
substituted by one to three of R®, where HET, R^, R^°, R" and R^^ are as defined below; 

[00221 R'* is H, halogen, NO2 or CN; 

[0023] R^ is H or C1.12 aliphatic optionally substituted by one to three of halo, 
hydroxyl, heteroaryl, or aryl; 

[00241 and R^ are independently halogen, CN, NO2. — CONR^°R^\ — 

S02NR^°R^\ — NR^°R^\ or — 0R^\ where R'° and R^^ are as defined below; 

[00251 R® is OH, NHS02R^^ or NHCOCF3; 

[00261 R® is each independently halogen, C1.12 aliphatic, CN, — NO2, R^°, — OR^\ 
SR'\ -S(0)R^°. -S02R^°. -NR^°R^\ -N^^R^^ -NR^^^OR", -NR^2co^R^\ - 
NR^2coNRiiRi2 -NR^2so2Rii, _NR^2c(NR^2),^hR^\ -C02R'\ CONR^^rH _ 
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S02NR^2r". — OCONR^^R^^ or C(NR'2)NR^2r^\ where R'° R^^ and R^^ are as defined 
below; 

[0027] R^° is eacli independently H, halogen, C1-12 aliphatic, aryl or HET, where 
said C1.12 aliphatic optionally bears an Inserted one to two groups selected from O, S, 
S(0), SO2 or NR^^, where said C1.12 aliphatic, aryl or HET is optionally substituted by 
one to three of halo, another HET, aryl, CN, — SR^^ — OR^^ _n(R^2)2, — S(0)R^2 — 
SO2R12, — S02N(R^2)2, — NR^2coRi2^ — NR^2co2r12^ — NR'2con(R^2j^ _ 
NR^2(NRi2)NHR^2 — C02R^^ — CONCR^^j^ — NR^2so2r12, — 0C0N(R^2)2^ ^ere HET 
and R^^ are as defined below; 

[0028J R^MsHorR^°; 

[0029] R^^ is H, C1.12 aliphatic or HET, said C1.12 aliphatic optionally substituted 
by one to three of halogen or OH where HET is as defined below; and 

[0030] HET is a five-to ten-membered saturated or unsaturated heterocyclic ring 
selected from the group consisting of benzofuran, benzoxazole, dioxin, dioxane, 
dioxolane, dithlane, dithiazine, dithiazoie, dithiolane, furan. Imidazole, Indole, Indazole, 
morpholine, oxazole, oxadiazole, oxathiazole, oxathiazolidine, oxazine, oxiadlazine, 
piperazine, piperidlne, pyran, pyrazlne, pyrazole, pyridine, pyrimldlne, pynrole, 
pyrrolidine, quinoline, quinazoline, tetrahydrofuran, tetrazine, tetrazole, thiophene, 
thiadiazlne, thidlazole, thiatriazole, thiazine, thiazole, thiomorpholine, thianaphthalene, 
thiopyran, triazine, and triazole; 
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[0031] and the pharmaceutically acceptable salts, blohydrolyzable esters, 
biohydolyzable amides, blohydrolyzable carbamates, blohydrolyzable carbonates, 
blohydrolyzable ureldes. solvates, hydrates, affinity reagents or prodrugs of (I) as 
defined above. 

[0032] A preferred group of compounds of the present invention are those of the 
general fomiula (I): 



(I) 




[0033] wherein is H or optionally Joined with to fomn a fused ring selected from 
the group as defined for HET below, and where said fused ring is optionally substituted 
by one to three of R®, where R^ and R® are as defined below; 

[0034] R^ and R^ are Independently H, HET, aryl, Ci-6 aliphatic, CN, NO2, halogen, 
pio _oRio_ _sR^o _s(0)R^o. -S02R'°. -NR^Or", -NR'^R^^ -NR'^cqrH, _ 
NR^2co2R^\ — NR^2qonr11r12, — NR^^sQjRII, — NR^2c(nr12)nhR^\ — C0R^\ — 
C02R^\ — C0NR^2r1i _so2NR'2r'\ — OCONR^^pii^ C(NR^2),^Ri2pii ^^^^ ^^^^ 

C1.6 aliphatic optionally bears one or two insertions of one to two groups selected from 
C(0). O, S. S(0), SO2. or NR^^, with said HET, aryl or Ci-e aliphatic being optionally 
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substituted by one to three of R^°; and where is optionally joined with to fomri a 
fused ring selected from the group as defined below and where said fused ring is 
optionally substituted by one to three of R^, where HET, R^, R^°, R^"" and R^^ are as 
defined below; 

[0035] R"* is H, halogen, NO2 or CN; 

[0036J R^ is H or Ci^ aliphatic optionally substituted by one to three of halo. OH, or 
aryl; 

[0037] R^ and R^ are independently halogen, CN, NO2, — CONR^°R^\ — 
S02NR^°R^\ — NR^°R", or -OR^\ where R^° and R^^ are as defined below; 

[0038] R^ is OH, NHSO2R" or NHCOCF3; 

[0039] R^ Is each independently halo, C1-6 aliphatic, CN, — NO2. R^°, — 0R^\ — SR^\ 
-S(0)R^°. -SOzR^". -NR^°R'\ -N^^R^^ — NR^^cqrh, -NR^2co2r1\ _ 
NR^'CONR'^R'^ — NR'2so2Ri\ — NR'2c(nr12)|sjhr1\ —COzR". — CONR^^pH^ _ 
S02NR^2pii _0C0NR^2r1i C(NR^2)|^Ri2pii ^^^^^ pio pii pji2 33 ^^^^^^ 

below; 

[0040] R^° is each independently H, halogen, Ci^ aliphatic, aryl or HET, where said 
C1.6 aliphatic optionally bears an Inserted one to two groups selected from O, S, S(0), 
SO2 or NR^^ where said Ci^ aliphatic, aryl or HET is optionally substituted by one to 
three of halo, another HET, aryl, CN, — SR^^ — OR^^ — N(R^2)2, — S(0)R^^ — S02R^^ 
-S02N(R'2)2^ -NR'2coRi2^ — NR'2qo2r12 _nr12coN(R'2)2 -NR(NR'2),^HR^2^ — 
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COzR^^ — CON(R^2)2 — NR^2so2Ri2 — 0C0N(R^2)^ ^^^^ HET and R^^ gre as 
defined below; 

[0041] R^^isHorR^°; 

[0042] R^^ is H, C1.6 aliphatic or HET, said Ci^ aliphatic optionally substituted by one 
to three of halogen or OH where HET is as defined below; and 

[0043] HET is a five to ten-membered saturated or unsaturated heterocyclic ring 
selected from the group consisting of benzofuran, benzoxazole, dioxin, dioxane, 
dioxolane, dithiane, dithiazine, dithiazole, dithiolane, furan, imidazole, indole, indazole, 
morpholine, oxazole, oxadiazole, oxathiazole, oxathiazolidine, oxazlne, oxiadiazine, 
piperazine, piperidine, pyran, pyrazine, pyrazole, pyridine, pyrimidine, pyrrole, 
pyn-olidine, quinoline, quinazoline, tetrahydrofuran, tetrazine, tetrazole, thiophene, 
thiadiazine, thiadiazole, thiatriazole, thiazine, thiazole, thiomorpholine, thianaphthalene, 
thiopyran, triazine, and triazole; 

[0044] and the pharmaceuticaliy acceptable salts, biohydrolyzable esters, 
biohydolyzable amides, biohydrolyzable carbamates, biohydrolyzable carbonates, 
biohydrolyzable ureides, solvates, hydrates, affinity reagents or prodrugs of (I) as 
defined above. 

[0045] A highly prefen-ed group of compounds of the present invention are those of 
the general fonnula (I): 
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[0046] wherein is H or optionally joined with to fomi a fused ring selected from 
the group consisting of fused pyridine, fused triazole, fused thiazole or fused amino- 
substituted thiazole; 

[0047] R^ and R^ are independently H, HET, aryl, Ci^ aliphatic, — R^^NHa, — R^^- 
halogen, CN, NO2. halogen, R^°, — 0R^°, — SR^°, — S(0)R^°, — SOzR^^. — NR^°R^\ — 
NRiiRi2 — NR^2coRi\ — NR^2co2Ri\ — NR^^cqnr^^R^^ — NR^^sOjR^i, _ 
NR'2c(NRi2j^HR". — COR^\ — COR^^NR^2r1i_qq2r1i _coNRW\ — 
S02NR^2r", — 0C0NR^2R^\ — C(NH)R^\ — C(NR^2)NR^2r^^ where said C1.6 aliphatic 
optionally bears an insertion of a C(0) group; with said HET, aryl or C1.6 aliphatic being 
optionally substituted by one to three of R^°; and where R^ is optionally joined with R^ to 
fomn a fused ring selected from the group as defined for HET below and where said 
fused ring is optionally substituted by one to three of R^, where HET, R^, R^*^, R^^ and 
R^^ are as defined below; 

[0048] R* is H, halogen, NO2 or CN; 
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[0049] is H or C1.6 aliphatic optionally substituted by one to three of halogen, OH, 
or aryl; 

[0050] R® and R^ are Independently halogen, CN, NO2, — CONR^°R^\ — 
S02NR^°R^\ — NR^°R^\ or —OR", where R^° and R" are as defined below; 

[00511 is OH, NHS02R^^ or NHCOCF3; 

[0052] R® is each independently halo, Ci^ aliphatic, CN, — NO2, R^°, —OR", — SR", 
— S(0)R'°, — S02R'°. -NR'V\ -N"R'2 -NR'^qqrIi, — NR'^cQjRIi, _ 
NR^2coNR"R^2 — NR^^SOsR". — NR^2c(nr12) nhr", — CO2R". — CONR^^rH _ 
S02NR^2r". — OCONR^^R" or C(NR^2),y|Ri2pii ^^^^^ pio rii 3^^^ r12 gg ^^^^^^ 
below; 

[0053] R- ° is each independently H, halogen, Ci-e aliphatic, aryl or HET, where said 
aliphatic optionally bears an inserted one to two groups selected from O, S, S(0), 
SO2 or NR^^, where said Ci^ aliphatic, aryl or HET is optionally substituted by one to 
three of halo, another HET, aryl, CN, NO2— R^^ — SR^^ — OR^^ — N(R^2)2, — 
R^2n(r12)2_s(0)R'2 — SOzR^^ — S02N(R^2)2, — NR'2cor12^ — NR^2qo2r12, _ 
NR^2CON(R^2)2^ — NR^2(^r12j^HR^^ — C02R^^ — CONCR^^^^^ — NR^^sOgR^^, _ 
0C0N(R^^)2, or trifluoro, where HET and R^^ are as defined below; 

[0054] R" is H or R^°; 

[0055] R^^ is H, C1-6 aliphatic, NO2, Ci-e alkoxy, halogen, aryl or HET, said C1-6 
aliphatic optionally substituted by one to three of halogen or OH where HET is as 
defined below; 
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[0056] HET is a five or six-membered saturated or unsaturated heteroaryl ring 
selected from the group consisting of dioxin, dioxane, dioxolane, dithiane, dithiazine, 
ditliiazole, dithiolane, furan, imidazole, imidazopyridinyl, morpholine, oxazole, 
oxadiazole, oxathiazole, oxathiazolidine, oxazine, oxiadlazine, piperazine, piperidine, 
pyran, pyrazine, pyrazole. pyridine, pyrimidine, pyrrole, pyrrolidine, tetrahydrofuran, 
tetrazlne, thiophene, thiadiazine, thiadiazole, thiatriazole, thiazine, thiazole, 
thiomorpholine, thiopyran, thioxotriazine, triazine, and triazole; 

[0057] and the phamnaceutically acceptable salts, blohydrolyzable esters, 
biohydolyzable amides, blohydrolyzable carbamates, blohydrolyzable carbonates, 
biohydrolyzable ureides, solvates, hydrates, affinity reagents or prodrugs of (I) as 
defined above. 

[00581 Also highly prefen-ed is a compound of formula (I) in which and 
additionally comprise a fused ring which is methyl substituted fused pyridine. 

[0059J A group of compounds that are prefen-ed with respect to their substitutes at 
positions R®, R^ and R* are compounds of the formula: 

(D 
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[0060] wherein: 

[0061] is H or optionally joined with to form a fused ring selected from the 

group consisting of five to ten membered aryl, heteroaryl or heterocyclyl rings, said 
heteroaryl or said heterocyclyl rings having one to three heteroatoms where zero to 
three of said heteroatoms are N and zero to 1 of said heteroatoms are O or S and 
where said fused ring is optionally substituted by one to three of R®, where R^ and R® 
are as defined below; 

[0062] r2 and R^ are independently H, HET. aryl, C1-12 aliphatic, CN, NO2, 
halogen. R^°, -0R^°, -SR^^ -S(0)R^°. -SOzR'" -NR^°R^\ -NR^^R^2_ _ 
NR^2coRi\ -NR^2co2Ri\ -NR^'CONR'^R^^ -NR'^sQjRH, -NR'2c(nr12)^hr^\ 
-COR'\ -C02R'\ -C0NR^2r1i^ -SOzNR^^rH _0C0NR^2r^i c(NR^2)NRi2pji 

where said C1.12 aliphatic optionally beare one or two insertions of one to two groups 
selected from C(0), O, S, S(0), SO2 or NR^^; with said HET, aryl or C1.12 aliphatic being 
optionally substituted by one to three of R^°; and where R^ is optionally joined with R^ to 
form a fused ring selected from the group consisting of five to ten membered aryl, 
heteroaryl or heterocyclyl rings, said heteroaryl or said heterocyclyl rings having zero to 
three heteroatoms where zero to three of said heteroatoms are N and zero to one of 
said heteroatoms are O or S and where said fused rings is optionally substituted by one 
to three of R^ where HET, R®. R^°, R^^ and R^^ are defined below; 

[00631 R4 is H, halogen, NO2 or CN; 

[0064] R^ is H or C1.12 aliphatic optionally substituted by one to three of halo, 
hydroxyl, or aryl; 
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[0065] and are halogen; 

[00661 R^ is OH; 

[0067] R^ is each independently halogen, C1.12 aliphatic, CN, — NO2. R^°, — OR^^ 
-SR^\ -S(0)R'°, -S02R'°. -NR^°R^\ -N^^R^^ -NR^^qor", _NR^2^.q^R^\ - 
NR^^coNR^^R^^ — NR^2so2R1\ — NR^2q(nr12)nhr1\ — C02R^\ — CONR^^rH _ 
S02NR^2r1i^ — OCONR'^R" or C(NR^2)Npi2pii ^^^^^ pio_ pii p^^2 gg ^Qf^J^Q^ 

below; 

[00681 R^** is each Independently H, halogen, C1-12 aliphatic, aryl or HET, where 
said Ci=i2 aliphatic optionally bears an inserted one to two groups selected from O, S, 
S(0), SO2 or NR^^, where said C1.12 aliphatic, aryl or HET is optionally substituted by 
one to three of halo, another HET, aryl, CN, — SR^^ — OR^^, — N(R^^)2, — S(0)R^^ — 
SO2R'', -S02m'\ -NR'2coRi2, -NR^2co2Ri2. _NR'2coN(Ri2)2^ _ 
NR^2(NRi2)NHRi2. -COzR^^ — CONCR^^j^^ -NR^2so2r12, _ocON(R^2)2, where HET 
and R^2 are as defined below; 

[00691 is H R^°; 

[00701 R^2 js H, C1.12 aliphatic or HET, said C1.12 aliphatic optlonaly substituted by 
one to three of halogen or OH where HET is as defined below; and 

[00711 HET is a five to ten-membered saturated or unsaturated heterocyclic ring 
selected from the group consisting of benzofuran, benzoxazole, dioxin, dioxane 
dioxalane, dithiane, dithiazine, dithiazole, dithiolane, furan, imidazole, indole, Indazole, 
morpholine, oxazole, oxadiazole, oxathiazole, oxathiazolidine, oxazine, oxiadiazine, 
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piperazine, piperidine. pyran, pyrazxine, pyrazole, pyridine, pyrimidine, pyrrole, 
pyrrolidine, quinollne, quinazolline, tetrahydrofuran, tetrazlne, tetrazole, thiophene, 
thiadiazine. thiadiazole, thiatrlazole, thiazine, thiazole, thiomorpholine, thianaphthalene, 
thiopyran, triazine, and triazole; 

[0072] and the phamiaceutically acceptable salts, biohydrolyzable esters, 
biohydolyzable amides, blohydolyzable, carbamates, biohydrolyzable carbonates, 
biohydrolyzable ureides, solvates, hydrates, affinity reagents or prodrugs of (I) as 
defined above. 

10073] Another group of compounds that are preferred with respect to their 
substituents at positions and R° are compounds of the fomiula: 

(I) 




[0074] wherein: 

[0075] R^ is H or optionally joined with R^ to form a fused ring selected from the 

group consisting of five to ten membered aryl, heteroaryl or heterocyclyl rings, said 
heteroaryl or said heterocyclyl rings having one to three heteroatoms where zero to 
three of said heteroatoms are N and zero to 1 of said heteroatoms are O or S and 
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where said fused ring is optionally substituted by one to three of R^, where and R^ 
are as defined below; 

[00761 R^ and R^ are independently H, HET, aryl, C1.12 aliphatic, CN, NO2. 
halogen R^^ -0R^°. -SR^°. -S(0)R^°. -SOsR^". -NR^°R^\ -HR}'R'\ - 
NR^^COR", -NR^2C02R'\ -NR^^CONR^^R^^ -NR^^sq^r^^ -NR^2c(nr12)NHR^\ 
-COR'\ -C02R'\ -C0NR^2r11 .sQzNR^^rii ^cONR^^rh c(NR^2)nr12rii 
where said C1.12 aliphatic optionally bears one or two insertions of one to two groups 
selected from C(0), O, S, S(0), SO2 or NR^^; with said HET, aryl or C1-12 aliphatic being 
optionally substituted by one to three of R^°; and where R^ is optionally joined with R^ to 
form a fused ring selected from the group consisting of five to ten membered aryl, 
heteroaryl or heterocyclyl rings, said heteroaryl or said heterocyclyl rings having zero to 
three heteroatoms where zero to three of said heteroatoms are N and zero to one of 
said heteroatoms are O or S and where said fused ring is optionally substituted by one 
to three of R^ where HET, R^ R^° R^^ and R^^ are as defined below; 

[00771 R4 is H, halogen, NO2 or CN; 

[00781 R5 is H or ''^ aliphatic optionally substituted by one to three of halo, 
hydroxyl, or aryl; 

[00791 and R^ are independently bromo or chloro; 

[00801 'S OH; 

[00811 is each independently halogen, C1.12 aliphatic, CN, — NO2, R^°. —OR", 

-SR". -S(0)R^°. -S02.R'°. -NR^°R", -N"R^^ -NR^^COR", -NR^^cq^r^i, _ 
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NR^2coNR^^R^^ -NR^^sOjRii. _nr12c(nr12)nhR^\ -C02R'\ -C0NR'2r'\ - 
S02NR^2R^\ — OCONR^^R^^ or C(NR^2)NR^2R^\ where R^°. R^^ and R^^ are as defined 
below; 

[0082] is each independently H. halogen, C1.12 aliphatic, aryl or HET, where 

said C1-12 aliphatic optionally bears an inserted one to two groups selected from O, S, 
S(0), SO2 or NR^^ where said C1.12 aliphatic, aryl or HET is optionally substituted by 
one to three of halo, another HET, aryl. CN, -SR^l -OR^^^ -N(R'2)2. -S(0)R^^ - 
S02R^^ -S02N(R^2)^ _NR^2coRi2, _nr12c2r12, -NR^^cqnCR^^)^, - 
NR^2(|v|r12nhr12 -C02R'^ -C0N(R^2)2^ _NR'2so2R12 -OCOm%' where HET 
and R^^ are as defined below; 

[0083] R^^lsHorR^°; 

[0084] R^^ is H, C1-12 aliphatic or HET, said C1-12 aliphatic optionally substituted 
aby one to three of halogen or OH where HET is as defined below; and 

[0085] HET is a five to ten-membered saturated or unsaturated heterocyclic ring 
selected from the group consisting of benzofuran, benzoxazole. dioxin, dioxane 
dioxolane, dithiane. dithiazine, dithiazole. dithiolane, furan, imidazole, indole, indazole, 
morpholine, oxazole. oxadiazole, oxathlazole. oxathiazolldlne, oxazine, oxiadiazine, 
piperazine, piperidine, pyran, pyrazine, pyrazole, pyridine, pyrimidine, pyrrole, 
pyrrolidine, quinoline, quinazoline. tetrahydrofuran, tetrazine. tetrazole. thiophene, 
thiadiazine, thiadiazole, thiatriazole, thiazine, thiazole, thiomorpholine, thianaphthalene, 
thiopyran, triazine, and triazole; 



DALUAS:91556/00003:121 1639v6 



23 



[0086] and the pharmaceutically acceptable salts, blohydrolyzable esters, 

blohydolyzable amides, blohydrolyzable carbamates, blohydrolyzable carbonates, 
blohydrolyzable ureldes, solvates, hydrates, affinity reagents or prodrugs of (I) as 
defined above. 

[0087] Yet another group of compounds that are preferred with respect to their 
substituents at positions R^, and R® are compounds of the fonnula: 

(I) 




[0088] wherein 

[0089] R^ is H or optionally joined with R^ to form a fused ring selected from the 
group consisting of five to six membered heteroaryl rings, said heteroaryl ring having 
one to two heteroatoms where zero to two of said heteroatoms are N and zero to two of 
said heteroatoms are O or S and where said fused ring is optionally substituted by one 
to three of R^, where R^ and R® are as defined below; 

[0090] R^ and R^ are independently H, HET, phenyl, Ci^ aliphatic. — NR^°OR^\ 
—COR", — CO2R", — C0NR^2r1i^ — S02NR^2r", with said HET, phenyl or 
aliphatic being optionally substituted by R^°; and where R^ is optionally joined with R^ to 
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form a fused five membered heterocyclyl ring, said heterocyclyl ring having zero to 1 
heteroatoms where said heteroatom is N and zero to 1 heteroatoms where said 
heteroatonfis are O or S and where said fused ring is optionally substituted by R^, where 
HET. R^°. R^^ and R^^ are as defined below; 

[00911 R"* is H; 

[0092] R^ is H; 

[0093] R® and R^ are independently bromo or chloro; 

[00941 R^ is OH; 

[0095] R® is H, Ci.6 aliphatic, or — COR^°, where R^° is as defined below; 

[0096] R^° is H, Ci^ aliphatic or amino; 

[0097] R^^ is H, Ci^ aliphatic, hydroxy-Ci-e aliphatic, phenyl, phenyl-Ci^ aliphatic or 
HET; 

[0098] R^^ is H, Ci-e aliphatic, hydroxy-Ci^ aliphatic or (R^^)2 N— Ci-6 aliphatic; and 

[0099] HET is a heterocyclic ring selected from the group consisting of oxazole, 
pyridine, tetrazole and thiazole; 

[00100] and the pharmaceutically acceptable saltS; biohydrolyzable esters, 
biohydolyzable amides, biohydrolyzable carbamates, biohydrolyzable carbonates, 
biohydrolyzable ureides, solvates, hydrates, affinity reagents or prodrugs of (I) as 
defined above. 
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[00101] still another group of compounds that are prefen-ed with respect to their 
substltuents at positions R®, and R® are compounds of the formula: 




[00102] wherein 
[001031 R^ is H; 

[00104] R^ and R^ are Independently H, HET, phenyl. Ci^, aliphatic, cyano, 
halogen, — COR^\ or — C0NR^2r^\ with said HET, phenyl or Ci-e, aliphatic being 
optionally substituted by R^°. where HET, R^°, R^^ and R^^ are as defined below; 

[00105] R"* is H; 

[00106] R^ is H; 

[00107] R® and R^ are independently bromo or chloro; 

[00108] R® is OH; 

[00109] R^° is H, Ci-6 aliphatic, oxo or cyano; 

[00110] R" is H, Ci^ aliphatic, trihalo-Ci^ aliphatic, phenyl or nitro-substituted phenyl; 
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[00111] R^^ is H, aliphatic, hydroxy-Ci^ aliphatic; and 
[001121 HET is thiophene or pyridine: 

[00113] and the pharmaceutically acceptable salts, biohydrolyzable esters, 
biohydolyzable amides, biohydrolyzable carbamates, biohydrolyzable carbonates, 
biohydrolyzable ureldes. solvates, hydrates, affinity reagents or prodrugs of formula (I) 
as defined above. 

[00114] Certain compounds of fonnula (I) above may exist in stereoisomeric fomis 
(e.g. they may contain one. or more asymmetric carbon atoms or may exhibit cis-trans 
isomerism). The individual stereoisomers (enantlomers and diastereolsomers) and 
mixtures of these are included within the scope of the present invention. Likewise, it is 
understood that compounds of fonnula (I) may exist in tautomeric forms other than that 
shown in the formula and these are also included within the scope of the present 
invention. 

[00115] Due to the presence of a double bond, also included in the compounds of the 
invention are their respective pure E and Z geometric isomers as well as mixtures of E 
and Z isomers. 
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[00116] Z-isomer 



[00117] E-isomer 
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[00118] E/Z-mixture 




[00119] E/Z Mixture 

[00120] The invention as described and claimed does not set any limiting ratios on 
prevalence of Z to E isomers. 

[00121] Certain of the compounds as described will contain one or more chiral carbons 
and will therefore be either dextrorotatory or levorotatory. Also Included in the 
compounds of the invention are the respective dextrorotatory or levorotatory pure 
preparations, and racemic mixtures thereof. 

[00122] Salts of the compounds of the present invention may comprise acid addition 
salts derived from a nitrogen on a substituent in the compound of fonnula (I). The 
therapeutic activity resides in the moiety derived from the compound of the invention as 
defined herein and the identity of another component is of less importance although for 
therapeutic and prophylactic purposes it is, preferably, phamiaceutically acceptable to 
the patient. 



DALLAS:91556/00003:12ll639v6 



29 



[001231 Highly preferred biohydrolyzable carbamates comprise compounds of formula 
(i), wherein is OH and said OH is conjugated with a carbamoyl conjugate to yield a 
biohydrolyzable carbamate wherein said carbamoyl conjugate is selected from the 
group consisting of diethylaminocarbonyl, N-(2-hydroxyethyl)aminocarbonyl, N.N,-bis(2- 
hydroxyethyl)aminocarbonyl, hydroxyethyloxyethylaminocarbonyl, 4- 

morpholinocarbonyl and 4-methyl-1-piperazinylcarbonyl. 

[00124] Highly prefenred biohydrolyzable carbonates comprise compounds of fomiula 
(I), where is OH and said OH is conjugated with a carbonate conjugate to yield a 
biohydrolyzable carbonate wherein said carbonyl conjugate is selected from the group 
consisting of phenylmethyloyxcarbonyl, ethyloxycarbonyl, isobutyloxycarbonyl, and 
pyridinemethyloxycarbonyl. 

[00125] A discussion of suitable C-Raf Inhibitors is found in U.S. Patent No. 6,268,391 , 
the disclosure of which is hereby incorporated by reference. 

[00126] Formulation and Dosing 

[00127] In order to use C-Raf inhibitors and B-Raf activators in therapy, they will 
nomially be formulated into a phamnaceutical composition in accordance with standard 
pharmaceutical practice. 

[00128] C-Raf inhibitors and B-Raf activators may conveniently be administered by 
any of the routes conventionally used for drug administration, for instance, parenterally. 
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orally, topically or by inhalation. C-Raf inhibitors and B-Raf activators may be 
administered in conventional dosage fomis prepared by combining then with standard 
phanmaceutical carriers according to conventional procedures. C-Raf inhibitors and B- 
Raf activators may also be administered in conventional dosages in combination with a 
known, second therapeutically active compound. These procedures may involve mixing, 
granulating and compressing or dissolving the Ingredients as appropriate to the desired 
preparation. It will be appreciated that the form and character of the pharmaceutically 
acceptable canrier is dictated by the amount of active ingredient with which it is to be 
combined, the route of administration and other well-known variables. The camer(s) 
must be "acceptable" in the sense of being compatible with the other ingredients of the 
fomiulation and not deleterious to the recipient thereof. 

[00129] The phamiaceutical earner employed may be, for example, either a solid or 
liquid. Exemplary of solid earners are lactose, terra alba, sucrose, talc, gelatin, agar, 
pectin, acacia, magnesium stearate, stearic acid and the like. Exemplary of liquid 
earners are syrup, peanut oil. olive oil, water and the like. Similarly, the carrier or diluent 
may include time delay material well known to the art, such as glyceryl mono-stearate or 
glyceryl distearate alone or with a wax. 

[00130] A wide variety of pharmaceutical forms can be employed. Thus, if a solid 
canrier is used, the preparation can be tableted, placed in a hard gelatin capsule in 
powder or pellet fonn or in the fonn of a troche or lozenge. The amount of solid earner 
will vary widely but preferably will be from about 25 mg to about 1 g. When a liquid 
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carrier is used, the preparation will be in the form of a syrup, emulsion, soft gelatin 
capsule, sterile Injectable liquid such as an ampoule or nonaqueous liquid suspension. 

[001311 C-Raf inhibitors and B-Raf activators are preferably administered parenterally. 
that is by intravenous, Intramuscular, subcutaneous intranasal, intrarectal, intravaglnal 
or intraperitoneal administration. The intravenous form of parenteral administration Is 
generally prefen-ed. Appropriate dosage foms for such administration may be prepared 
by conventional techniques. 

[001321 C-Raf inhibitors and B-Raf activators may also be administered orally. 
Appropriate dosage forms for such administration may be prepared by conventional 
techniques. 

[001331 C-Raf inhibitors and B-Raf activators may also be administered by inhalation, 
that is by intranasal and oral inhalation administration. Appropriate dosage fomris for 
such administration, such as aerosol fonnulations. may be prepared by conventional 
techniques. 

[001341 C-Raf inhibitors and B-Raf activators may also be administered topically, that 
is by non-systemic administration. This includes the application of the C-Raf inhibitors 
and B-Raf activators extemally to the epidemnis or the buccal cavity and the instillation 
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of such a compound into the ear. eye and nose, such that the compound does not 
significantly enter the blood stream. 

[00135] For all methods of use disclosed herein for C-Raf inhibitors and B-Raf 
activators, especially oxindole derivatives, the daily oral dosage regimen can optionally 
be from about 0.1 to about 80 mg/kg of total body weight, preferably from about 0.2 to 
30 mg/kg, more preferably from about 0.5 mg to 15 mg/kg. The daily parenteral dosage 
regimen can optionally be about 0.1 to about 80 mg/kg of total body weight, preferably 
from about 0.2 to about 30 mg/kg, and more preferably from about 0.5 mg to 15 mg/kg. 
The daily topical dosage regimen can optionally be from 0.1 mg to 150 mg/kg, 
administered one to four, preferably two or three times daily. The daily inhalation 
dosage regimen can optionally be from about 0.01 mg/kg to about 1 mg/kg per day. 
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(001361 't will also be recognized by one of skill in the art that the optimal quantity and 
spacing of individual dosages of the C-Raf inhibitors and B-Raf activators will be 
detennined by the nature and extent of the condition being treated, the form, route and 
site of administration, and the particular patient being treated, and that such optimums 
can be determined by conventional techniques. It will also be appreciated by one of skill 
in the art that the optimal course of treatment, i.e., the number of doses of the C-Raf 
inhibitors and B-Raf activators given per day for a defined number of days, can be 
ascertained by those skilled in the art using conventional course of treatment 
determination tests. 

[00137] In all aspects of the invention, the use/method/agonist/medicament can 
involve delayed administration to a mammal of an effective amount of a C-Raf inhibitor 
or B-Raf activator, or a phamnaceutlcally acceptable salt, complex or prodmg thereof, 
after an acute neurodegenerative or potentially neurodegenerative occurrence, for 
example traumatic or mechanical neuronal injury or cerebral ischaemia. The time of 
administration can be 30 or 60 minutes or more after the said occun^ence, and/or can be 
up to 8 or 6 or 4 or 2 or 1 hour(s) after the said occurrence, e.g. 30 mins to 8 hours, 30 
mins to 6 hours, or 30 mins to 4 hours after said occurrence. C-Raf inhibitor or B-Raf 
activator might be neuroprotective when administered within these time frames after 
such occurrences, which would allow administration in hospital after the occunrence. 

[00138] All publications, including but not limited to patents and patent applications, 
cited in this specification are herein incorporated by reference as if each individual 



DALLAS:9 1 S36/00003: 1211 639v6 



34v 



publication were specifically and individually indicated to be incorporated by reference 
herein as though fully set forth. 

Embodiments of the present invention are set forth in the Examples below. 

EXAMPLES 

[001391 FIGS. 1 A-D shows the neuroprotective effect of the C-Raf inhibitor, {5-lodo-3- 
[(3,5-dibromo-4-hydroxyphenyl) methylenel-2-indolinone} ("GW5074"), according to a 
preferred embodiment of the Invention. Cultured cerebellar granule neurons undergo 
apoptosis when switched from HK to medium containing LK (D'Mello et al.. 1993). 
However, as shown in FIGS. 1A-1D, treatment with GW5074 prevents LK-induced 
apoptosis in these cultures. FIGS. 1A-1C provide phase contrast micrographs showing 
the morphological appearance of cerebellar neuronal cultures treated with high 
potassium (HK)(FIG. 1A), low potassium (LK) (FIG. 1B). or LK + 1 uM GW5074 for 24 
hours (FIG. 1C). Cerebellar neurons exposed to low potassium conditions but treated 
with the C-Raf inhibitor, GW5074, survive as well as neurons exposed to normally high 
potassium conditions. FIG. 1D quantifies the anti-apoptotic effect of GW5074. 
Neuronal cultures were switched to medium containing LK, or LK medium containing 
different doses of GW5074. Cell viability was quantified 24 hours later. Control cultures 
received HK medium. (Results shown are from three separate experiments. *p< 0.001 
mean value + SD compared with viability of culture receiving LK medium with no 
GW5074). Protection against LK-induced apoptosis is maximal at 1 uM. 
Neuroprotection by GW5074 is also observed at concentrations at 5 uM and 10 uM. 
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[001401 As shown in Table 1, GW5074 is a potent and specific inhibitor of C-Raf in 
vitro. GW5074 is a potent inhibitor of C-Raf with no effect on the activities of cdl<1. 
cdl<2. c-src. p38 MAP kinase. VEGFR2, and c-fms. (Lackey et a!., 2000). GW5074 
potently inhibits C-Raf (TABLE 1). However, although clearly a potent inhibitor of C- 
Raf. the possibility that GW5074 inhibits other kinases that may have proapoptotic 
effects could not be excluded. A number of reports have implicated JNKs in the 
promotion of neuronal apoptosis both in vivo and in cell culture systems (Coffey et al., 
2002). Although all three JNK proteins are expressed in neurons, the phosphorylation 
of c-jun is believed to be mediated by JNK2 or JNK3 (Bruckner et al., 2001; Bruckner 
and Estus, 2002; Coffey et al.. 2002). As shown in TABLE 1. GW5074 has no direct 
effect on the activity on any of the three JNK proteins. In apoptotic neurons. JNK 
activation is mediated primarily by MKK7 (Eilers et al.. 1998; Trotter et al., 2002). As 
shown in TABLE 1 . GW5074 has no effect of MKK7 activity. Additionally. GW5074 did 
not affect MKK6. a kinase that activates p38 MAP kinase, another stress-activated MAP 
kinase implicated in neuronal apoptosis (TABLE 1). The activity of each kinases was 
measured in vitro in the presence of 1 uM GW5074 and in all cases ATP was 10 uM. 
(Kinase activity is expressed as a percentage of that in control (without GW5074) and 
results are expressed as mean +/- standard deviation). 
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[00141] 



TABLE 1 



KINASES 


% ACTIVITY 


C-Raf 


3+ 0 


JNK1 


94 jiS 


JNK2 


91+4 


JNK3 


89 + 9 


MEK1 


94 + 4 


MKK6 


91 +4 


MKK7 


104 + 8 


CDK1/cyclinB 


90 + 12 


CDK2/cyclinE 


100 + 5 


CDK2/cyclinA 


99 + 0 


CDK5/P35 


94 + 2 


CDK6/cyclinD3 


98 + 1 


GSK33 


81+6 



[00142] Several lines of evidence Indicate that abortive reentry into the cell cycle by 
activation of cell cycle components is responsible for apoptosis in granule neurons and 
other neuronal types (Park et al., 1997a, 1997b, 1998a, 1998b; Padmanabhan et al., 
1999). It was thus possible that the neuroprotective effect of GW5074 was mediated by 
cdk inhibition. As shown in TABLE 1, however, GW5074 had no effect on the activity of 
any of the cdks that were examined. 

[00143] FIGS. 2A-2C shows that a highly neuroprotective C-Raf inhibitor, GW5074, 
nonetheless pemits activating modifications to accumulate in intact neurons as 
indicated by an in vitro kinase assay using an MEK substrate. Also shown is the extent 
of Ser29 phosphorylation of C-Raf indicating strong inhibition in neuronal cultures and in 
vitro. To examine whether C-Raf was inhibited by GW5074 in granule neurons, cultured 
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neurons were treated with GW5074 and the lysates used to immunoprecipitate C-Raf. 
The immunoprecipitated C-Raf was used In in vitro kinase assays using GST-MEK as 
substrate and the reaction products subjected to Western analysis. Phosphorylation of 
MEK was detected using a phospho-MEK antibody. Neurons were either untreated or 
switched to LK medium containing no additives (LK) or doses of GW5074 (GW) ranging 
from 0.25 - 5 uM. After 1 hour of treatment, the cultures were lysed, C-Raf 
immunoprecipitated from the lysate and used In an in vitro kinase assay with MEK as 
substrate. The reaction mixture was subjected to Western analysis using a phospho- 
MEK antibody as probe. As shown in FIG. 2A, C-Raf activity is barely detectable In 
cells. This low level of activity remained unchanged in cultures switched to LK medium. 
Also shown In FIG. 2A, the activity of C-Raf immunoprecipitated from cultures treated 
with GW5074 in LK medium displayed a marked induction (FIG. 2A). 

[00144] FIG. 2B shows that C-Raf is inhibited by phosphorylation at Ser259 and 
activation of C-Raf requires dephosphorylatlon of this site (Dhlllon and Kolch, 2002; 
HIndley and Kolch, 2002). Neuronal cultures were switched to LK medium containing 
no additives (LK) or 1 uM GW5074 for 0, 5, 10, and 30 min. The cultures were lysed 
and the lysate subjected to Western blot analysis using a phopho-Ser259-speciflc 
antibody. As shown FIG. 2B, when neurons are switched to LK medium, there is a 
sustained increase In phosphorylation of C-Raf at Ser259 which can be detected within 
10 min. A rapid increase In Ser259 phosphorylation is also seen following treatment 
with GW5074. 

[00145] To study the effect of GW5074 on C-Raf activity further. C-Raf was 
immunoprecipitated from granule neurons treated with GW5074 and assayed its activity 
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in vitro in tlie absence or presence of GW5074. As sliown in FIG. 2C, wliile C-Raf 
immunoprecipitated from GW5074-treated cultures has higher activity relative to control 
cultures (without GW5074), addition of GW6074 to the immunoprecipitated enzyme in 
vitro inhibits its activity confirming that GW5074 inhibits C-Raf and does so at 
concentrations which are substantially lower than 1 uM, a dose at which the drug is 
neuroprotective. Inhibition of C-Raf by compounds such as GW5074 could allow 
activating modifications (such as Ser259 dephosphorylation) to accumulate which may 
stimulate other l<inases through compensatory mechanisms. 

[00146] FIGS. 3A-3B shows the neuroprotective effect of a C-Raf inhibitor, ZM33672, 
according to another embodiment of the invention. ZM336372 is a phamiacological 
inhibitor of C-Raf; it has the chemical name N-[5-(3-Dimethylaminobenzamido)-2- 
methylphenyl]-4-hydroxybenzamide and is obtained from CALBIOCHEM, Catalog No. 
692000. (Hall-Jackson et al., 1999). While GW5074 inhibits C-Raf with an IC50 of 9nM, 
ZM336372 is somewhat less potent (IC50 = 70nM; Hall-Jackson et al., 1999). Neuronal 
cultures were switched to HK, LK, or LK medium containing lOOuM ZM336372. As 
shown in FIG. 3A, immunoprecipitated C-Raf from neuronal cultures treated with 
ZM336372 has elevated activity, which is inhibited in vitro by ZM336372. To assess the 
efficacy of ZM336372, neuronal cultures were treated for 1 hour with LK, or LK 
containing 1 uM GW5074 (GW) or 50 uM ZM336372 (ZM). Lysates from the cultures 
were used in a kinase reaction with MEK as substrate. In one assay from GW5074- 
treated cultures, 10 uM ZM336372 was added to the kinase reaction mixture. 
Phosphorylation of MEK was detected by Western blot analysis using an phospho-MEK 
antibody and the same blot was reprobed with a C-Raf antibody. As shown in FIG. 3B, 
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ZM336372 inhibits LK-mediated apoptosis. The ability of an independent and 
structurally distinct pharmacological C-Raf inhibitor to promote neuronal survival 
suggests that the neuroprotective effect of GW5074 is either directly or indirectly due to 
its action on C-Raf. 

[00147] FIG. 4 shows that GW5074 activates B-Raf and ERK . Activation of all three 
Raf proteins results in activation of MEK and ERK. Lysates from neuronal cultures 
treated with LK or LK plus GW5074 (GW) for 1 or 3 hours were subjected to Western 
blotting using an antibody specific for phosphorylated ERK 1/2. As shown in FIG. 4, 
despite its inhibition of C-Raf. treatment of neuronal cultures with GW5074 leads to an 
increase in the phosphorylation of ERK 1/2 suggesting that GW5074 treatment caused 
the activation of either A-Raf or B-Raf. 

[00148] Since B-Raf is highly expressed in the nervous system and since B-Raf rather 
than C-Raf is the major stimulator of ERK both in vivo and in vitro, the effect of GW5074 
on B-Raf was examined. Neuronal cultures were switched to medium containing HK or 
LK medium containing no additives (LK) or 1 uM GW5074 (GW). After 1 hour of 
treatment, cultures were lysed, C-Raf immunoprecipitated from the lysate and used in 
an in vitro kinase assay with MEK as substrate. Immunoprecipltates from the GW5074- 
treated culture were Incubated with different doses of GW5074 ranging from 0.25 to 5 
uM during the in vitro kinase reaction, then subjected to Western analysis using a 
phospho-MEK antibody as probe. The same blot was reprobed with an antibody to B- 
Raf. To assess in vitro kinases activity of B-Raf, neuronal cultures were switched to 
medium containing HK or LK medium containing no additives (LK) or 1 uM GW5074 
(GW). After 1 hour of treatment, cultures were lysed, C-Raf immunoprecipitated from 
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the lysate and used in an in vitro kinase assay with MEK as substrate. Aliquots of the 
immunoprecipitate from the GW5074-treated culture were incubated with different 
doses of GW5074 ranging from 0.25 to 5 uM during the in vitro Wmase reaction. The 
reaction mixture was subjected to Westem analysis using a phospho-MEK antibody as 
probe. The same blot was reprobed with an antibody to B-Raf. As shown in FIG. 4, 
cerebellar granule neurons have relatively high B-Raf activity and is elevated further by 
treatment with GW5074. Consequently, it is likely that inhibition of C-Raf leads to the 
activation of B-Raf. Neuroprotection by C-Raf inhibition therefore potentially activates a 
novel neuroprotective pathway involving B-Raf. 

[00149] Moreover, further experiments show that B-Raf activation Is a critical event in 
the neuroprotective effect of GW5074. A dominant-negative N-Raf expression vector, 
pSRa GST B-Raf S728A (full length human B-Raf with Serine to Alanine mutation at 
position 728) was gifted to us by Dr. Angus M. MacNicol, University of Arkansas for 
Medical Sciences, Little Rock, Arkansas. Neuronal cultures were transfected with 
CMV-LacZ or the dominant-negative B-Raf construct using the calcium phosphate 
method 5 days after plating of the cultures. The next day, the neurons were switched to 
LK medium containing 1 uM GW5074. The proportion of transfected neurons that were 
apoptotic was quantified 24 hours later. Inhibition of B-Raf in GW5074-treated cultures 
by infection using plasmids expressing a dominant-negative fonri of B-Raf leads to the 
death of 80% of the infected neurons (data not shown). In contrast, overexpression of 
LacZ (as a control) leads to the death of less than 10% of the neurons. In view of the 
involvement of B-Raf in the neuroprotective action of C-Raf inhibitors, therefore, 
activators of B-Raf could be used to treat neurodegenerative conditions. 
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[00150] FIGS. 5A-5B shows that GW5074-mediatecl neuroprotection is MEK-ERK 
independent. Survival of cerebellar granule neurons can be maintained by BDNF and 
this effect of BDNF is mediated by the Raf-MEK-ERK signaling pathway (BonnI et al., 
1999). The Raf-MEK-ERK pathway is also involved in promoting survival of other 
neuronal and nonneuronal cell types. A potent blocker of the Raf-MEK-ERK pathway is 
PD98059 (Alessi et al., 1996). In paradigms in which the Raf-MEK-ERK pathway 
mediates neuronal survival, such as BDNF-treated cerebellar granule neurons, the 
presence of PD98053 blocks survival (Bonni et al., 1999). To detennine whether 
GW5074-mediated neuroprotection is MEK-ERK independent, neuronal cultures 
maintained in serum and high K+ were either untreated or switched for 1 hour to HK, 
LK, or LK medium containing 1 uM GW5074 in the absence (GW) or presence of 40 uM 
PD98059 (GW + PD) or 10 uM U0126 (GW + UO). Lysates from the cultures were 
subjected to Western blotting using an antibody specific for phospho-ERK. As shown in 
FIG. 5A. treatment with PD98059 blocks the stimulation of ERK by GW5074. This, 
however, had no effect on the neuroprotective effect of GW5074 (FIG. 5B) as cell 
viability remained the same after cultures subjected to LK conditions. U0126, a 
structurally independent MEK inhibitor, which potently inhibits both MEK1 and MEK2 
(Duncia et al., 1998; Favata et al., 1998 and FIG. 5A) also failed to reduce survival by 
GW5074 (FIG. 5 A and B). These results show that neuroprotection by GW5074 is 
MEK-ERK independent. 

[00151] FIGS. 6A-6C shows that GW5074 maintains Akt activity but acts through an 
Akt-lndependent mechanism. The best-studied anti-apoptotic pathway in neurons is the 
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PI-3 kinase - Akt signaling pathway (D'Mello et al., 1997; Dudek et al.. 1997; Miller et al, 
1997a). IGF-1 , a potent survlvai-promotlc factor for granule neurons mediates Its effect 
by activating the PI-3 kinase-Akt pathway (Datta et al., 1997; Dudek et al., 1997; 
D'Mello et al., 1998). Since the Raf-MEK-ERK pathway was not necessary for the 
neuroprotective action of GW5074, the possibility that GW5074 exerted Its protective 
effect by engaging this pathway was examined. Switching cerebellar granule neurons 
from serum-containing HK medium in which they are cultured and allowed to mature, to 
serum-free LK or HK medium, causes a rapid downregulation of Akt phosphorylation 
and activity, which can be prevented by IGF-1 (Kumari et al., 2001). To assess the role 
of Akt in GW5074-mediated neuroprotection, Lysates from neurons treated for 1 hour 
and 3 hours with LK or LK medium containing 1 uM GW5074 (GW) were subjected to 
Western blotting using an antibody against phospho-Akt (Ser473). The same blot was 
reprobed with an antibody against phospho-Gsk3p. Also loaded on the gel were lysates 
from untreated cultures (maintained In medium containing serum and high K+) and a 
culture treated for 1 hour with 25 ng/ml IGF-1. As also shown in FIG. 6A, GW5074 
delays the downregulation of Akt phosphorylation observed after LK treatment. GSKSp 
is a proapoptotic molecule that is activated during apoptosis in many neuronal and 
nonneuronal systems. Under survival promoting conditions GSK3p Is kept inactivated 
by phosphorylation, a modification that can be induced by Akt. As shown in FIG. 6A, 
GW5074 prevents the activation of GSK3P that occurs after the switch to LK medium. 
Another proapoptotic molecule that Is phosphorylated and Inactivated by Akt Is the 
transcription factor, Forkhead (Linseman et al., 2002). GW5074 reduces the 
dephosphorylation of Forhkead that Is observed in LK (data not shown). Switching of 
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neurons to LK medium leads to a rapid downregulation of Al<t activity within 2 hours. 
Addition of GW5074 to such cultures does not lead to Akt activation. In contrast, 
addition of IGF-1 causes a robust increase in Akt phosphorylation (FIG. 6B). Thus, 
while capable of temporarily maintaining the activity of Akt in LK, treatment with 
GW5074 cannot activate Akt de novo. 

[00152] To detemiine if Akt activity was necessary for the neuroprotective action of 
GW5074, neurons were treated with GW5074 after infecting them with an adenoviral 
vector expressing a dominant-negative fornn of Akt. Five day old neuronal cultures were 
infected with adenoviral vectors expressing either GFP or hemagluttinin (HA)-tagged 
dominant-negative Akt. The next day the cultures were switched to LK medium 
containing 1 uM GW5074 (GW) or 25 ng/ml IGF-1 (IGF). Infected neurons were 
detected by positive staining for GFP or HA by immunocytochemistry. The proportion of 
apoptotic cells (condensed or fragmented nuclei) as a percentage of total infected 
neurons was quantified following DAPI-staining. As shown in FIG. 6C, while blockade 
of Akt activity using this approach reduces the survival-promoting effect of IGF-1, it had 
no effect on the ability of GW5074 to maintain neuronal survival. This result indicates 
that although maintaining Akt activity in LK, the neuroprotective action of GW5074 is 
mediated by an Akt-independent mechanism. 

[00153] FIGS. 7A-7C shows that GW5074-mediated neuroprotection involves Ras, 
NFkB and c-jun. Activation of C-Raf and B-Raf is often mediated by Ras. Blockade of 
C-Raf signaling by GW5074 could lead to an accumulation of activated Ras, which 
could lead to the stimulation of an alternative, antiapoptotic pathway. While known to 
exert antiapoptotic effects by a PI-3 kinase-Akt dependent pathway, Ras has also been 
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shown to provide an antiapoptotic signal through an Al<t-inclependent mechanism 
Involving downregulatlon of JNK and p38 activity (Wolfman et al., 2002). To determine 
if Ras was necessary for GW5074-medlated neuroprotection, S-trans, trans- 
farnesylthlosalicylic acid (FTS) was used. FTS Is a cell penneable Ras antagonist that 
dislodges Ras from its membrane-anchoring sites leading to its degradation and thus 
causing a decrease In total cellular Ras (Jansen et al., 1999; Weisz et al., 1999). In 
assessing the role of Ras, neuronal cultures were switched to medium containing HK or 
to LK medium containing 1 uM GW5074 in the absence (GW) or presence of 10 uM 
FTS (GW + FTS) and viability was quantified 24 hour later and expressed as 
percentage of viability in HK. As shown in FIG. 7A, treatment with FTS blocks the 
neuroprotective effect of GW5074. 

[00154] Another molecule known to be important for neuronal survival Is NF-kB. 
Although the precise mechanism has not been elucidated, the Raf Is known to activate 
NF-kB in nonneuronal cells via a MEK-ERK-lndependent mechanism (Foo and Nolan, 
1999; Pearson et al., 2000). The effect of GW5074 treatment on the DNA-blndIng 
activity of NF-kB was examined. This was assessed by switching neuronal cultures to 
medium containing HK or to LK medium containing 1 uM GW5074 In the absence (GW) 
or presence of 10 uM FTS (GW + FTS). Viability was quantified 24 hours later and 
expressed as percentage of viability in HK. As shown in FIG. 7B, treatment of 
cerebellar neuron cultures with LK leads to a downregulatlon of NF-kB activity. As 
shown in FIG. 7B, this downregulatlon of NF-kB binding activity Is prevented by 
GW5074. 
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[00155] One potential mediator of MEK-ERK-independent B-Raf signaling is NF-kB. 
Whether treatment NF-kB was required for the neuroprotective effect of GW5074 was 
examined. To do so, nuclear extracts from cultures treated for 6 hours with HK, LK, or 
LK medium containing 1 uM GW5074 (LK+GW) were used in gel mobility shift assays 
with radioactively-labeled oligonucleotide probes containing the NF-kB binding site or 
the SPI binding site. As shown in FIG. 7C, treatment with SN-50 (Lin et al. 1995), a 
synthetic cell-pemieable peptide that has been demonstrated to potently and 
specifically inhibit NF-kB activity, blocks the ability of GW5074 to inhibit LK-induced 
apoptosis indicating that the neuroprotective effect of GW5074 is NF-KB-dependent. 

[00156] FIG. 8 shows that GW5074 inhibits apoptosis-associated induction of c-jun. 
Phosphorylation of c-jun is necessary for neuronal apoptosis in a variety of paradigms 
including LK-induced death of granule neurons (Estus et al., 1994; Ham et al., 1995; 
Watson etal. 1998). 

[00157] In granule neurons, phosphorylation of c-jun occurs within 1 hour of LK 
treatment (Ham et al., 1995; Watson et al. 1998). To assess the role of c-jun, lysates 
from neurons treated for 1 hour and 3 hours with HK, LK or LK medium containing 1 uM 
GW5074 (GW) were subjected to Western blotting using an antibody against phospho- 
c-jun (Ser63). The same blot was reprobed with an antibody against total c-jun (lower 
panel). As shown in FIG. 8, GW5074 treatment prevents LK-induced c-jun 
phosphorylation and its increased synthesis. 

[00158] FIGS. 9A-9B shows that GW5074 inhibits cell death caused by neurotoxins in 
granule cells and other neuronal types. The ability of different doses of GW5074 to 
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protect against apoptosis induced by various stimuli was tested in cultured cerebellar 
granule neurons (FIGS. 9A and B). Methyl-4-phenyl-1,2.3.6-tetrathydropyridine (MPTP) 
is a neurotoxin that causes degeneration of nigrostratial dopaminergic neurons in 
humans and some experimental animals resulting in a Pari<inson's like pathology. The 
neurotoxic effects of MPTP are mediated through its oxidation by astrocytes to the 
neurotoxic species 1-methyl-4-phenylpyridinium (MPP+) that is taken up actively by 
dopaminergic neurons through the dopamine transporter. Direct treatment of 
dopaminergic neurons in culture with MPP+ recapitulates their degeneration seen in 
vivo. In culture, MPP+ is also toxic to cerebellar granule neurons (Gonzalez-Polo et al., 
2001). Another neurotoxic agent that causes selective loss of cerebellar granule 
neurons in vivo and which induces apoptosis in cultured cerebellar granule neurons is 
methylmercury (Kunimoto, 1994). As a step towards detemiining whether GW5074 is 
protective against other neurotoxic stimuli its ability to prevent cell death in granule 
neuron cultures treated with MPP+ or methylmercury was examined. To do so, 
cerebellar granule neurons were treated with HK medium or HK medium containing 200 
uM MPP+ (FIG. 9A) or 0.5 uM methylmercury (FIG. 9B) in the presence of different 
concentrations of GW5074 (GW). As shown in FIG. 9A, GW5074 reduced MPP*- 
induced cell death. Similariy, as shown in FIG. 98, GW6074 also reduced 
methylmercury-lnduced cell death. 

[00159] FIGS. 1 0A-IOC shows that GW5074 is protective in an in vivo experimental 
model of Huntington's disease. 3-Nitropropionic acid (3-NP) administration in rodents 
and nonhuman primates has served as a useful experimental model for HD (reviewed in 
Brouillet et al., 1999). 3-NP Is an irreversible Inhibitor of succinate dehydrogenase 
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(SDH; Complex II), which causes prolonged mitochondrial energy impairment and 
replicates most of the clinical and pathophysiological hallmarks of HD including 
selective striatal degeneration, spontaneous choreiform and dystonic movements 
(Brouillet et al.. 1999). Whether GW5074 could protect against 3-NP-induced 
neurodegeneration was tested. FIG. 10A shows the Control. As shown in FIG. 10B, 
mice administered with 3-NP display extensive bilateral striatal lesions. FIG. IOC shows 
this degeneration is completely prevented by GW5074 when administered at a 
concentration of 5 mg/kg body weight. A similar protection was also observed when 
GW5074 was administered at 25 mg/kg. 

MATERIALS AND METHODS 

Materials. 

[00160] Unless specified otherwise, all chemicals were purchased from Sigma 
Chemicals (St. Louis, MO). All antibodies used were purchased from Cell Signaling, 
Inc. (Beverly, MA) unless specified otherwise. PD98059, S-trans, trans- 
Famesylthiosalicyclic Acid (FTS), and SN-50 were purchased from Calbiochem (La 
Jolla, CA), U0126 was purchased from Cell Signaling Technology (Beverly, MA), and 
ZM336372 was purchased from Tocris (Ellisville, MO). The Adenoviral expression 
vector encoding dominant-negative Akt was gifted by Thomas Franke, Columbia 
University, New York, NY). The expression plasmid encoding a kinase dead GST-MEK1 
was a kind gift of Melanie Cobb. 

Cell culture and treatments. 
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[00161] Granule neuron cultures were obtained from dissociated cerebella of 7-8 day 
old rats as described previously (D'Mello et al., 1993). Cells were plated in Basal 
Eagle's Medium with Earles salts (BME) supplemented with 10% fetal bovine serum 
(FBS), 25 mM KCI, 2 mM glutamine (Gibco-BRL), and 100 ug/ml gentamycin on dishes 
coated with poly-L-lysine in 24-well dishes at a density 1.0 x 10® cells/well, 1.2x10^ 
cells/60mm dish, or 3.0 x 10^ cells/100 mm dish. Cytosine arabinofuranoside (10 uM) 
was added to the culture medium 18-22 hours after plating to prevent replication of 
non-neuronal cells. Cultures were maintained for 6 - 7 days prior to experimental 
treatments. For this, the cells were rinsed once and then maintained in low K* medium 
(serum-free BME medium, 5 mM KCI) or high K* medium (serum-free BME medium, 
supplemented with 20 mM KCI). When used to treat cultures, GW5074 was added at 
the time when cells were switched to LK medium. Treatment of cultures with 
pharmacological inhibitors was initiated 15 min prior to rinsing and was maintained 
through the subsequent incubation in LK or HK medium unless specified othenwise. For 
MPP+ and methylmercury treatments, 7 - 8 day old cultures were switched to HK 
medium containing 200 uM MPP+ or 0.5 uM methylmercury. Viability was assayed 24 
hours later. 



Neuronal survival. 

[00162] Neuronal survival was quantified by the MTT assay as previously described 
(Koulich et al., 2001). Briefly, the tetrazolium salt MTT [3-(4,5-dimethyl-2-thiazoiyl)-2,5- 
diphenyl-2H tetrazolium bromide] was added to the cultures at a final concentration of 1 
mg/ml, and incubation of the culture was continued in the CO2 incubator for a further 30 
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min at 37°C. The assay was stopped by adding lysis buffer [20% SDS in 50% N,N- 
dimethyl formamide, pH 4.7], The absorbance was measured specrophotometrically at 
570nm after an overnight incubation at room temperature. The absorbance of a well 
without cells was used as background and subtracted. Results obtained using the MTT 
assays were confinned using the fluoresceln-diacetate method for quantification of cell 
viability, as previously described (D'Mello et al., 1993). Data are presented as mean +/- 
standard deviation. Statistical analysis was perfomried using ANOVA and Student- 
Neuman-Keuls' test. 

Western blotting. 

[00163] For whole-cell lysates, the culture medium was discaixled, the neurons 
washed twice with ice-cold phosphate-buffered saline (PBS), and lysed in lysis buffer 
(1% Triton, 20 mM Tris-HCI (pH 7.5), 150 mM NaCI, 1 mM Na2EDTA. 1 mM EGTA, 2.5 
mM sodium pyrophosphate, 1 mM beta-glycerophosphate, 1 mM Na3V04. 1 pg/ml 
leupeptin and IX protease inhibitor mixture). Protein concentrations were measured 
using a Bradford protein assay kit (Blo-Rad), and equivalent amounts of protein were 
mixed with 6x SDS-PAGE sample buffer. Following heating at 95°C for 5 min, proteins 
were subjected to SDS-polyacrylamlde gel electrophoresis and transfen-ed 
electrophoretically to polyvlnylidene difluorlde membrane (PVDF; Bio Rad). After 
staining with Ponceau S to verify uniformity of protein loads / transfer, the membranes 
were analyzed for immunoreactlvity. Incubation with primary antibodies was performed 
overnight at 4°C and with secondary antibodies for 1h at room temperature. 
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Immunoreactivity was developed by enhanced chemiluminescence (ECL; Amersham) 
and visualized by autoradiography. All antibodies were from Cell Signaling. 

Immunoprecipitation. 

100164] After treatment, cultures of 7-8-day old neurons were washed twice with ice- 
cold PBS and lysed in ice cold lysis buffer. The lysates were centrifuged for 10 min at 
10,000 rpm at 4°C. Protein concentrations of the supernatant were measured using a 
Bradford protein assay l<it (Bio-Rad), and equivalent amounts of protein were incubated 
overnight with primary antibody (1.0 - 2ug) and then for 2h with 20ul Protein A/G PLUS- 
Agarose (Santa Cruz Biotech.) Immunoprecipitates were collected by centrifugation at 
2,500 rpm for 5 min at 4°C and washed three times with lysis buffer, and pellets 
resuspended in electrophoresis sample buffer (187.5 mM Tris-HCI (pH 6.8 at 25°C), 6% 
SDS, 30% glycerol, 150mM DTT, 0.03% bromophenol blue), boiled for 4 min and 
subjected to SDS-polyacrylamide gel electrophoresis. 

In vitro kinase assays: 

[00165] In general, in vitro kinase assays were performed using purified kinase and 
synthetic substrates under standard conditions using the Kinase Profiling service of 
Upstate Biotechnology. Briefly, for each assay 5 - 10 mU of purified kinase was used. 
For GSK3p, cdkl, cdk2, cdk3, cdk5, the kinase was incubated with 1 uM GW5074 in a 
buffer containing 8 mM MOPS. pH 7.2. 0.2 mM EDTA. 10 mM Mg Acetate and [y-^^P- 
ATP] for 40 min at room temperature. Kinase activity was quantified by measuring ^^P 
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incorporation by spotting an aliquot on P30 filters, washing in 50 mM phosphoric acid 
and scintillation counting. The buffer composition for C-Raf, JNK1 , JNK2, JNK3, MEK1 , 
MKK6, MKK7 was 50 mM Tris pH7.5, 0.1 mM EGTA, 10 mM Mg acetate and [y-^^P- 
ATP]. The peptide substrates used were as follows: For C-Raf, 0.66 mg/ml MBP; for 
cdks, 0.1 mg/ml histone HI; for JNKs. 3 uM ATF2; for MEK1, 1 uM MAPK2; for MKK6, 1 
uM of SAPK2a and for MKK7, 2 uM JNKIa. 

[00166J Activities of endogenous C-Raf and B-Raf activity was assayed by measuring 
the ability of kinase immunoprecipitated from neuronal lysates to phosphorylate a 
kinase-dead recombinant GST-MEK1 substrate. Following Immunoprecipitation and 
multiple washes with lysis buffer, lysis buffer supplemented with 350 mM NaCI, and 
kinase buffer (25 mM HEPES pH 7.4 and lOmM MgCb), in vitro kinase assays are 
performed on the immune complexes using purified recombinant GST-MEK1 K97M 
protein as a substrate in kinase buffer supplemented with 85 pM ATP for 35 minutes at 
30°C. Reactions are stopped by the addition of 3X SDS sample buffer and boiled for 
five minutes. Proteins are resolved by SDS-PAGE and subjected to Western blotting. 
The level of phosphorylated MEK is detected by a phospho-MEK antibody. 

Overexpression using adenoviral vectors: 

[00167] The hemagglutinin-tagged dominant-negative Akt (Ad-dnAkt) consists of two 
mutations where the phosphorylation sites at Thr308 and Ser473 are mutated to yield a 
phosphorylation-deficlent inactive protein. DnAkt and control recombinant adenovirus 
expressing green fluorescent protein (Ad-GFP) are propagated in HEK293T cells and 
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purified by cesium chloride density gradient centrifugation. After quantification of titer, 
virus at an MOI of 10 are used to infect granule neuron cultures 5 days after plating by 
direct addition to the medium. Treatments are perfomied 24 hours after addition of 
virus. 

Gel electrophoresis mobility shift assay: 

[001681 Nuclei from neuronal cultures were resuspended in buffer containing 20 mM 
HEPES pH 7.6, 50 mM KCI, 300 mM NaCI. 0.1 mM EDTA. 1 mM DTT, 0.1 mM PMSF, 
10% glycerol. 1x protease inhibitor cocktail and extracted on ice for 30 min, followed by 
micro-centrlfugation at 14,000 rpm for 10 min. The supematants were collected as 
nuclear extracts. Concentrations of these nuclear extracts were determined by the 
Bradford method using reagents from Bio-Rad. Ten [iq of each nuclear extract sample 
was incubated with 0.1 pmol of ^^P-labeled double-stranded kB binding oligonucleotide 
(5'-GCTGGGGACTTTC-3') identified as SEQ ID N0:1. or SP1 binding oligonucleotide 
(5'-ATTCGATCGGGGCGGGGCGAGC-3') identified as SEQ ID N0:2, in buffer 
containing 1 pg of poly (dl-dC), 1 |jg of BSA, 10 mM HEPES pH7.6, 0.5 mM DTT, 0.1 
mM EDTA, 60 mM KCI, 0.2 mM PMSF, 5 mM MgCI2, and 12% glycerol at room 
temperature for 30 min. Samples were analyzed by 5% native polyacrylamide gel 
electrophoresis (PAGE) followed by autoradiography. 
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3-Nitropropionic acid treatment and experimental design: 

[00169] Mice were purchased from Charles River (Wilmington, MA). 3-NP was 
dissolved In water and the solution brought to pH 7.4 with sodium hydroxide. 3NP was 
administered to 8-week old B6CBA male mice In ten intraperitoneal injections (50mg/kg 
twice a day for 5 days). GW5074 was also administered Intraperltoneally at doses of 
0.5 to 10 mg/kg once a day each day 3-NP was administered. Injected of GW5074 was 
performed 30 minutes to 1 hour before 3NP administration. Control animals received 
saline injections. On the day following the 5 days of injection, mice were deeply 
anesthetized, intracardiaily perfused, brains removed, post fixed in 4% 
paraformaldehyde and cryoprotected. Coronal sections were cut on a cryostat at 50 
micron and stained for Nissi substance (cresyl violet). 

(00170] Various basics of the Invention have been explained herein. The various 
techniques and devices disclosed represent a portion of that which those skilled in the 
art would readily understand from the teachings of this application. Details for the 
implementation thereof can be added by those with ordinary skill In the art. The 
accompanying figures may contain additional information not specifically discussed in 
the text and such infonnation may be described without adding new subject matter. 
Additionally, various combinations and permutations of all elements or applications can 
be created and presented. All can be done to optimize perfomiance In a specific 
application. 



DALLAS:91556/00003:12I I639v6 



54 



[00171] The various steps described herein can be combined with other steps and 
they can occur In a variety of sequences unless otheoArtse specifically limited. These 
various steps can be interiineated with the stated steps, and the stated steps can be 
split into multiple steps. Unless the context requires othenwise, the word "comprise" or 
variations such as "comprises" or "comprising", should be understood to imply the 
inclusion of a stated element or step or group of elements or steps but not the exclusion 
of any other element or step or group of elements or steps. 

[00172] Further, any references mentioned In the application for this patent as well as 
all references listed in any list of references filed with the application are hereby 
incorporated by reference. However, to the extent statements might be considered 
inconsistent with the patenting of this invention, such statements are expressly not to be 
considered as made by the appllcant(s). 
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